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SPECIFICATION 

1. Title of the Invention: A method for discriminating paper notes 



2. Scope of Patent Claims 

(1) A method for discriminating paper notes, being a method for discriminating 
paper notes wherein the paper notes are separated into a plurality of zones, the detection 



data of each zone is compared with the standard data that has been determined 
beforehand in response to the above-mentioned detection data of each zone, and the 
above-mentioned paper notes are discriminated based on the results of comparison in 
each of the above-mentioned zones, wherein discrimination of paper notes is performed 
as follows: several items of the above-mentioned standard data are set in response to 
whether or not the above-mentioned bills are face up or down or have slipped out of 
position, and to their orientation, and in addition the data for each of the above-mentioned 
zones is aggregated for one paper note, and is recorded as the standard pattern data by a 
proportional value relative to that aggregate value; then, the total value of the above- 
mentioned detection data is determined, and in addition the proportional value relative to 
this total value is calculated as detection pattern data, and a comparison is made between 
the above-mentioned standard pattern data and the detection pattern data. 

(2) A method for discriminating paper notes, being a method for discriminating 
paper notes wherein the paper notes are separated into a plurality of zones, the detection 
data of each zone is compared with the standard data that has been determined 
beforehand in response to the above-mentioned detection data of each zone, and the 
above-mentioned paper notes are discriminated based on the results of comparison in 
each of the above-mentioned zones, wherein discrimination of paper notes is performed 
as follows: several items of the above-mentioned standard data are set in response to 
whether or not the above-mentioned bills are face up or down or have slipped out of 
position, and to their orientation, and in addition the data for each of the above-mentioned 
zones is' aggregated for one paper note, and is recorded as the standard pattern data by a 
proportional value relative to that aggregate value; then, the total value of the above- 
mentioned detection data is determined, and in addition the proportional value relative to 
this total value is calculated as detection pattern data, a determination is made whether or 
not the above-mentioned detection pattern data falls within a tolerable range of the 
above-mentioned standard pattern data, the absolute value of the difference between the 
above-mentioned standard pattern data and the above-mentioned detection pattern data is 
aggregated by a distance calculation for each of the above-mentioned zones, and a 
determination is made whether or not the aggregate value of the distance calculation is 
smaller than the tolerable value. 

(3) The method for discriminating paper notes described in Claim 2 ot the Scope 
of Patent Claims, wherein discrimination of paper notes is performed in accordance with 
the data of the minimum of the aggregate value of the above-mentioned distance 
calculation, in the event that several kinds of determination results arise in the above- 
mentioned determination by comparison. 

3. Detailed Explanation of the Invention 
(Field of Industrial Application) 

This invention relates to a method for discriminating paper notes, and relates in 
particular to a method for discriminating paper notes that discriminates the genuineness 
and the face amount of various denominations of paper notes without being affected by 
the state of conveyance thereof (face up or down, orientation, slippage out of position, 
etc.). 

(Prior Art of the Invention and the Problems Thereof) 

There exist a variety of methods for discriminating paper notes. As one example, 
there is a method wherein optical sensors or magnetic sensors are positioned on the 



surface on which the paper notes move, sorting is done for each prescribed amount of 
moving paper notes, that is, the paper notes are sorted in several zones, when they pass 
through, a comparison is carried out between this and a standard value that has been 
determined in advance, and discrimination of the genuineness and the face amount of the 
paper notes is performed based on the results of the comparison of each zone However, 
since this method discriminates paper notes by comparing the detection data from 
1 separate sensors as is with the standard data, there is the drawback that it is common for a 
genuine paper note to be judged to be fake in the case of soiled paper notes and paper 
notes with a high degree of wear and tear, and that the pass rate in paper note 
discrimination is poor. 

Additionally, to date there have only been four kinds of paper notes subjected to 
discrimination (ten thousand yen notes, five thousand yen notes, one thousand yen notes 
and five hundred yen notes). Even if one takes into consideration such factors as whether 
or not the paper notes are face up or down and whether they have slipped out of position 
during conveyance, and their orientation, etc., the preparation of a standard pattern to be 
determined in advance has been comparatively easy, but since three new kinds of paper 
notes of different size, namely the new-style ten thousand yen notes, five thousand yen 
notes and one thousand yen notes, began to circulate in Japan in 1984 [?; partly 
illegible] the number of the kinds of paper notes to be discriminated has now risen to 
seven in all If one takes into consideration the factors as whether or not the paper notes 
are face up or down and whether they have slipped out of position during conveyance, 
and their orientation, etc., for all seven kinds of paper notes, it is clear that the preparation 
of a standard pattern is extremely troublesome, and even assuming that it is possible to 
prepare this, mistaken discrimination of paper notes is absolutely impossible, so the result 
is that the pass rate instead declines. [TN: There is something missing or incorrect in 
the Japanese for this last sentence.] 

Moreover, in order to make it possible for the discrimination devices present in 
the current market to cope easily when the new paper notes were circulated, 
discrimination program software was necessary to deal with this without making any 
alterations to the installed devices like the magnetic sensors and optical sensors, and the 
preparation of a standard pattern is extremely difficult in this case as well. 
(Purpose of the Invention) 

This invention was created out of consideration of circumstances like those 
described above, and takes as its purpose the provision of a method for discriminating 
paper notes that can maintain an extremely high pass rate that does not decline due to 
such factors as soiling and wear and tear, without being affected by the state of 
conveyance of paper notes of multiple denominations (face up or down, orientation, 
slippage out of position). 
(Summary of the Invention) 

This invention relates to a method for discriminating paper notes wherein the 
paper notes are separated into a plurality of zones, the detection data of each zone is 
compared with the standard data that has been determined beforehand in response to the 
above-mentioned detection data of each zone, and the above-mentioned paper notes are 
discriminated based on the results of comparison in each of the above-mentioned zones_ 
In this method, the discrimination of paper notes is performed as follows: several items ot 
the above-mentioned standard data are set in response to whether or not the above- 



mentioned bills are face up or down or have slipped out of position, and to their 
orientation, and in addition the data for each of the above-mentioned zones is aggregated 
for one paper note, and is recorded as the standard pattern data by a proportional value 
relative to that aggregate value; then, the total value of the above-mentioned detection 
data is determined, and in addition the proportional value relative to this total value is 
calculated as detection pattern data, and a comparison is made between the above- 
mentioned standard pattern data and the detection pattern data. In addition, discrimination 
of paper notes is performed as follows: several items of the above-mentioned standard 
data are set in response to whether or not the above-mentioned bills are face up or down 
or have slipped out of position, and to their orientation, and in addition the data for each 
of the above-mentioned zones is aggregated for one paper note, and is recorded as the 
standard pattern data by a proportional value relative to that aggregate value; then, the 
total value of the above-mentioned detection data is determined, and in addition the 
proportional value relative to this total value is calculated as detection pattern data, a 
determination is made whether or not the above-mentioned detection pattern data falls 
within a tolerable range of the above-mentioned standard pattern data, the absolute value 
of the difference between the above-mentioned standard pattern data and the above- 
mentioned detection pattern data is aggregated by a distance calculation for each of the 
above-mentioned zones, and a determination is made whether or not the aggregate value 
of the distance calculation is smaller than the tolerable value. 
(Embodiment of the Invention) 

Figure 1 shows one example of a device that realizes the method of this invention. 
The device is configured such that paper notes 1 are conveyed in the Q direction 
indicated in the figure with the conveyance machine (not shown in the figure) for 
purposes of discrimination, and are sent to the discrimination part DS. Four photosensors 
P1-P4 are provided in two groups of two in proximity in a row arrangement on the 
discrimination part DS in order to detect the slantward movement, length, etc., of the 
paper notes 1. In addition, three magnetic sensors M1-M3 for detecting the magnetic 
pattern of the paper notes 1 are provided laterally. Then, the device is configured such 
that the detection signals of the magnetic sensors M1-M3 are respectively provided as 
input to circuits with the same composition. For example, the detection signal DN of the 
magnetic sensor Ml is amplified by the differential amplifier 2, that amplified signal AS 
passes through the rectifier 3 for full wave rectification and the hand pass filter 4 and is 
waveform converted into a signal envelope AF, and after it is integrated by an integrator 
5 is passes through a multiplexer 6 and is digitalized by an AD converter 7. In addition, 
the detection signals of the photosensors P1-P4 are respectively waveform shaped by the 
waveform shaping circuits 11-14, and are obtained as detection signals D1-D4. 
Moreover, the photointegrator 15, which outputs a pulse in accordance with the speed, is 
connected to the conveyance machine of the discrimination part DS, and waveform 
shaped by the waveform shaping circuit 18 and is provided as output as a clock pulse CP. 
As described above, the device is configured such that digital signal DAI provided as 
output from the AD converter 7, the detection signals D1-D4 provided as output from the 
waveform shaping circuits 11-14 and the clock pulse CP provided as output from the 
waveform shaping circuit 18 are provided as output by way of the bus line 23 to the 
control system, which is composed of the CPU 20, ROM 21 and RAM 22 of a 
microprocessor, etc. The CPU 20 exercises overall control, and as described below the 



programs and standard data are stored in the ROM 21. The CPU20 performs timing 
control for the integrator 5 and the multiplexer 6. 

Here, the magnetic sensors M1-M3 have the same construction. As shown in 
Figure 2, these have been configured such that an alternating-current magnetic field is 
formed by impressing a sine wave on the primary winding 102 that has been wound 
around the central part of the core 101, and output DM of the difference between the 
surfaces of the paper notes 1 and the surfaces of the opposite sides, which have been 
shielded, is extracted by the secondary winding 104, which is wound around the tip of the 
core 101. They have further been configured so that a minute [?; partly illegible] sine 
wave signal is provided as output even when there is absolutely no magnetic ink on the 
paper notes 1. Output is obtained by these magnetic sensors even for those parts for 
which the concentration of the magnetic ink is uniform. 

On the other hand, Figure 3 (A) and (B) show the state of the division into zones 
of the paper notes 1 in this explanation. It is divided into 3 strip zones Z1-Z3 by the 
magnetic sensors M1-M3 relative to the conveyance of the paper notes 1 in the Q 
direction. In addition, each of these strip zones Z1-Z3 have further been respectively 
divided in four in accordance with the conveyance length of the paper notes 1, so that it 
has been divided into a total of 12 zones numbered #1 to #12. As a consequence, in this 
invention the mean values a for the detection data that is detected by the magnetic sensors 
M1-M3 is determined for each zone, relative to the zones #1 - #12 into which the device 
is divided. In addition, the deviation d that establishes the tolerable range is set, and is 
stored in the ROM 21 for each type of paper note in the form shown in Figure 4. In this 
instance, the mean values al-al2 calculate the detection data of the zones #1 - #12, and 
are values that have been converted into a proportion relative to the aggregate value 
thereof. The mean is taken by detecting several times the several standard [?; partly 
illegible] paper notes. In addition, the deviations dl-dl2 of each zone #1 - #12 are set by 
trial and error, but it is OK if they fall in a range where a-d<x<a + d when the 
detection data is taken to be x. Moreover, the effective distance ed determines the 
difference between the mean value a of the standard pattern for each zone and the 
detection data x, and this is a value that the distance calculation CHD, to which the 
absolute value thereof is added, cannot exceed, and is such that the range of the deviation 
from the mean value a is enlarged. This effective distance ed is also set by trial and error 

for each kind of paper note. 

Since the possibility of slippage in a lateral direction (the direction orthogonal to 
Q) at the time of the conveyance of the paper notes 1 for discrimination has been 
contemplated, in the present invention as shown in Figure 3 (B), the strip zones 21-23 
have been divided respectively into five sections in a lateral direction, so that it is 
possible to discriminate the paper bills 1 accurately even when these have slipped out of 
place in a lateral direction. In other words, the line C indicates the detection position 
when the paper bills pass through the central part of the conveyance path, the line SR 
indicates the detection position when they deviate slip to the right, the line LR indicates 
the detection position when they deviate greatly to the right, the line SL indicates the 
detection position when they deviate slip to the left, and the line LL indicates the 
detection position when they deviate greatly to the left. Hen the detection zones are 
divided in this manner, four patterns are obtained for one kind of paper note based on 
whether or not it is face up or down and its orientation. Since there are five patterns for 



slippage out of position as shown in Figure 3 (B) for each of these four patterns, a total of 
20 patterns is necessary. This means that a grand total of 140 patterns are needed to 
discriminate all seven kinds of paper notes. However, in the event that the width ot the 
conveyance path is made the maximum width of the paper notes to be discriminated, this 
number becomes smaller than 140 overall, due to the facts that there is no slippage out ot 
position in connection with the paper notes with the maximum width, and that the 
patterns overlap for specific kinds of paper notes. Thus, 20 standard patterns like those 
shown in Figure 4 are determined for each of the various kinds of paper notes, and are 
stored in the ROM 21. In this invention as shown in Figure 5, four large divisions are 
made based on the length 1 of the paper notes 1, and the paper notes with a length of 76 
mm are classified under patterns #21 - #100. The length 1 of the paper notes 1 can be 
calculated by the photosensors P 1 -P4 and the clock pulse CP. 

An explanation of the action in such a composition is now provided with 
reference to the flow chart in Figure 6. 

When the paper notes 1 are conveyed by the conveyance machine without moving 
in a slantward direction, the paper notes 1 are detected simultaneously by the 
photosensors PI and P2, and computation by the mechanical clock by means of the 
photointegrator 15 is started. This mechanical clock carries out the division of the paper 
bills into zones by means of the pulse signal CP, with this pulse signal CP being obtained 
the photointegrator 15 that has been provided by sandwiching a rotating plate that 
possesses many slits that rotate in synchronization with the driving of the conveyance 
machine. When it is determined by the calculation values of the CPU 20 that the forward 
end of the paper notes 1 has reached the magnetic sensors M1-M3, the integrator 5 starts 
the integration operation. After the outputs of the magnetic sensors M1-M3 are 
respectively amplified by the differential amplifiers, they are full wave rectified by the 
rectifier 3, and then provided as output to the integrator 5 via the hand pass filter 4. The 
waveforms AS, AF and AI of each part that are obtained by conveying the paper notes 1 
in this manner are as shown for example in Figure 7 (A) through (C). The time T 0 in the 
same figure indicates the range of the paper notes 1. Every time the paper notes 1 proceed 
through a certain distance that has been set beforehand (time points tl, t2, t3, t4), the 
output AI of the three integrators 5 are successively converted into a digital amount DAI 
by the converter 7 by means of a timing signal from the CPU 20, and the values thereof 
22 are memorized in the RAM 22. In other words, at time point 1 1, the detection data XI 
X5 and X9 of the magnetic sensors M1-M3 are memorized as the data of zones #1, #5 
and #9 At time point 12, the three values that are memorized are the converted values of 
each integrator 5, so hey are recorded anew as data X2, X6 and X10 of zones #2, #6 and 
#10, being data from which the detection data XI, X5 and X9 that was memorized the 
previous time have respectively been subtracted. Similarly, at time point 13, X3, X7 and 
XI 1 are memorized, and at time point 14, X4, X8 and X12 are memonzed, respectively. 
As a consequence, the data XI -X4 is obtained by the magnetic sensor Ml, the data X5- 
X8 is obtained by the magnetic sensor M2, and the detection data X9-X12 is obtained by 
the magnetic sensor X9-X12, respectively, and thus the detection data X1-X12 for the 

zones is fully obtained. 

Parenthetically, it is possible to determine the length 1 of the paper notes by the 
calculation values from the mechanical clock while the paper notes 1 are being detected 
by means of the photosensors PI and P2, but in this embodiment it is determined by the 



mechanical clock in the period from when the front end of the paper bills 1 is detected by 
the photosensors P3 and P4 until .when the rear end of the paper bills 1 passes through the 
photosensors PI and P2. Since the distance between the photosensors PI and P3 is known 
beforehand, the determination of the length 1 can be done with a smaller clock count, and 
errors can be minimized even if there are slips. At the point when the rear end of the 
paper bills 1 passes through the photosensors PI and P2, the data for zones #4, #8 and 
#12 has still not been obtained. The amount of movement in a slantward direction is 
assumed to be zero in the above-described example, but in the event that the paper notes 
1 are conveyed at a slant, the time when the front end of the paper notes 1 is detected by 
the photosensors PI and P2 differs, and it is possible to detect the amount of slantward 
movement based on the mechanical clock count during the time from when the sensors 
on one side have detected the paper notes up to the time when the sensors on the other 
side detect the paper notes 1. Then, in the event that this slantward movement exceeds the 
tolerable value that has been set beforehand, that is, in the event that the slant is great, the 
discrimination operation is not performed, and it is acceptable to eject the paper notes 
separately or to [illegible] them and return them to the original position. 

Additionally, discrimination is carried out even if there is a slant provided that it 
falls with the tolerable range, but the [illegible] timing of the integrated values from the 
magnetic sensors M1-M3 differs based on the amount of slant. 

By configuring the device as described above, when the length 1 of the paper 
notes 1 is detected by the photosensors P1-P4, the type of paper note is specified in a 
general fashion in accordance with Figure 5. There are 20 standard patterns for each kind 
of paper note 1 depending on whether or not it is face up or down or it has slipped out of 
place, and its orientation, and pattern numbers have been applied to all of these. The 
initial value nl and the final value n2 of the pattern numbers to be compared are selected 
by the length detection (step S2). For example, in the event that it is taken to be 80 mm 
based on the length detection, pattern numbers #101 - #120 are selected. Then, after the 
length detection, when the data for all zones is obtained as described above (step S3), the 
ratio of each detection value is calculated so that the total for the detection data XI -XI 2 
of the zones #1-#12 ends up being 1. For example, a ratio is calculated by (XI + X2 + 
+ X12) for the detection data XI of zone #1, and xl is obtained as the detection 
pattern data. In a like manner, the detection pattern data x2-xl2, which shows the ratio of 
the zones #2 - #12, is obtained, and memorized in the RAM 22 (step S4). Next, a 
comparison is made of this respective pattern data xi (i = 1-12) and the data of the initial 
standard pattern numbers selected in step S2 (steps S5-S9). For example, the data for 
pattern numbers #101 is read out in the case of the old-style 5,000 yen paper note, and 
then first a determination is made whether or not al - dl < xl < al + dl is satisfied. If it 
is OK, a comparison is next made of zone #2, and a determination is made whether or not 
a2 - d2 < x2 < a2 + d2 is satisfied. When all the zones #1 - #12 are determined to be OK 
by following this procedure, next the distance [formula illegible] (= CHD) from the 
mean value ai is calculated (step S10), and is compared with the effective distance ed of 
the pattern number #101 (step Sll). Then, if CD < ed, the pattern number #101 and the 
value of CHD is memorized in the RAM 22 assuming that the patterns match (step SI 2). 

Here, the distance CHD is the pattern for seeing how large the gap is between the 
detection pattern data xi and the mean value ai of the of the standard pattern, and the 
distance becomes zero provided that the detection pattern data xi in all zones matches the 



mean value ai of the standard pattern. The determination in each zone is performed based 
on whether or not ai - di < xi < ai + di is satisfied, but even if it is OK for all zones, the 
distance CHD of those items that just barely pass at the upper and lower limits of each 
zone becomes larger, and the gap with the original standard value is deemed to be large, 
and the paper note is expelled. 

When the pattern number #101 is memorized in the above-described example, the 
standard pattern data of the next pattern number #102 is read out and compared (step SI 3, 
S14), and comparisons are successively performed up to pattern number #120. Then, 
when the comparisons of all the pattern numbers are [illegible], all conditions are 
assumed to be OK, and a determination is made of the count of pattern numbers that have 
been memorized and registered (step SI 5), and it is determined to be a fake paper if note 
if it is not complete (step SI 6). In addition, when there is a plurality of pattern numbers 
comparisons are made of the values of the distance CHD, respectively, and the pattern 
number for the item whose value is smallest is memorized in the RAM 22 (step SI 6, 
S17), and the type of paper note, the orientation, etc., are specified for one [pattern] based 
on this memorized pattern number (step SI 8). If there is only one registered pattern 
number, the type of paper note, the orientation, etc., will be specified based on this 
number. 

An explanation was provided in the foregoing of an example that employs a 
magnetic sensor as the detection sensor, but discrimination is equally possible with an 
optical sensor. In addition, in the foregoing the paper notes have been separated into 
zones #1-#12, but the number of divisions may be chosen as one wishes. 
(Effects of the Invention) 

As described above, since this invention makes it possible to compare by taking 
the ratios between the standard data itself with comparing the detection data as is with the 
standard data, there is almost no effect whatsoever due to soiling and wear and tear. In 
addition, since the aggregate value of the difference between the detection pattern data in 
each zone and the mean value of the standard pattern data is taken, and the pattern whose 
value is smaller is prioritized, there is the advantage that it is possible to discriminate 
while increasing the pass rate a large number of different kinds of paper notes without 
this being affected by the circumstances of the conveyance of the same. 

4. Brief Description of the Figures 

Figure 1 is a compositional diagram that shows one example of a device that applies the 
method of this invention. Figure 2 is a compositional diagram that shows one example of 
the magnetic sensor employed for this invention. Figure 3 (A) and (B) explain the zone 
divisions of this invention, respectively. Figure 4 and Figure 5 are diagrammatic tables 
for explaining the standard pattern of this invention, respectively. Figure 6 is a flow chart 
that shows an operational example of this invention. Figure 7 (A) through (C) are timing 
charts that show an operational example of magnetic charts. 
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Kind of paper note 1 



Pattern 



note (mm) 




number 


72 


500 yen (old style) 


#1-20 


76 


1,000 yen (old style) 


#21-40 


1 ,000 yen (new 
style) 


#41-60 


5,000 yen (new 
style) 


#61-80 


10,000 yen (new 
style) 


#81-100 


80 


5,000 yen (old style) 


#101-120 


84 


10,000 yen (old 
style) 


#121-140 
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Step 1 : Length detection 

Step 2: Selection of the standard pattern number to be compared 

Step 3: Was the detection data of each zone obtained? 

Step 4: Calculate and memorize the ratio of the standard data 

Step 5: [illegible] 

Step 6: i <— 1 

Step 7: Within the tolerable range? 

Step8:i<-I + 1 

Step 9: 1 =13? 

Step 10: Calculate CHD 

Step 11: CHD<ed 

Step 12: Register pattern number and CHD 

Step 13: [illegible] 

Step 14: [illegible] 

Step 15: Is there a registered number 



Step 1 6 : Are there multiple pattern numbers? 

Step 17: Compare the CHD and memorize the smallest pattern 

Step 18: Specify the type of paper note, the orientation, etc., from the 
pattern number 

Step 19: Fake paper note 

CONCLUSION 



Figure 7 



AMENDMENT (FORMALITY) 

August 14, 1984 



TO: Manabu Shiga, Patent Office Commissioner 

1 . Indication of the Case 

Patent Application No. 70999 (1984) 

2. Title of the Invention 

A method for discriminating bank notes 
3 Party Making the Amendment 

Relationship with the matter: Patent applicant 

(143) Glory Kogyo Kabushiki Kaisha 

35 Shimoteno 

Himeji City 

Japan 

4. Agent 

Takeo Yasugata, Patent Attorney (7377) 

7 th floor, Nomura Building 

1-18-18 Nishishinjuku 

Shinjuku Ward 

Tokyo 

Japan 

Telephone number: [illegible] 

5. Date of the Amendment Order 

July 11, 1984 

(Date sent: July 31, 1984) 



6. Object of amendment 

Specification and figures 

[seals at right] Formality examination. Tachizawa 

7. Contents of amendment 

(1) To amend with a clean copy of the specification initially appended to the 
application as per the attachment (without changes to the contents) 

(2) To amend the figures appended to this application as per the attachment 
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